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1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Length _______ l meter __________________ m foot (or mile) _____ ____ ft. (or mi.) 
Time _________ t second _________________ s second (or hour) _______ sec. (or hr.) 
Force _________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

-
Power ________ P horsepower (metric) ______ ---------- horsepower ___________ hp. 
Speed _________ V 

{kilometers per hour ______ k.p .h. miles per hour ________ m.p.h. 
meters per second _______ m.p.s. feet per second ________ Lp.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec. 2 

Mass = W 
g 

Moment of inertia = mk2
• (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 

II, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4_s2 at 

15° C. and 760 mm; or 0.002378 Ih.-ft.-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/ms or 
0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure -~p V2 

Lift, absolute coefficient OL = :s 
Drag, absolute coefficient OD = ~ 

Profile drag, absolute coefficient OD. -~s 

Induced drag, absolute coefficient OD, = ~ 

Parasite drag, absolute coefficient OD - DSp • q 

Cross-wind force, absolute coefficient Oc = q~ 
Resultant force 

Q, 
n, 
Vl 

p-' 
Po 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds N umber, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor­
responding number is 234,000 j or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced' 
Angle of attack, absolute (measured from zero­

lift position) 
Flight-path angle 
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REPORT No. 575 

INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF 28 COMBINATIONS 
IN THE N. A. C. A. VARIABLE-DENSITY TUNNEL 

M M ARY 

Te·t of 28 wing1uselage combination, were made iT/, 
the ~'a1'iable-den ity wind tunnel a a part of the wing­
fuselage inte1jerence progmm being conducted the1'ein CL11d 
in addition to the 209 combination previously reported in 

. A. C. A. Repol·t No. 540. These te ·ts practically 
cOinpletf the , tudy oj combinat1'on with a rectanglilal' 
f1lse lage a nd continue the study oj combinations with a 
rmmd /u.w'/a{fe a nd a tapered wing. 

I T ROD CTIO N 

An extensi\re wing-fu elage in te rfe rence inve Ligation 
ha been undertaken in the N. A. C. A. variable-den i ty 
wl ncl t unn ol as the seeond pha 0 of a o'eneral program 
designed to covor the problem of interforence. A 
di cu ion of tili program i includod in referonco 1, 
\ hieh pre ent the ba ic par t of the wing-fuselage inter­
ference inve tigation and contain te t results for 209 
combination. 

The pre en paper is a continuation of reference 1 
an d pre ents the re ul ts fo r some 2 additional wing­
fu selage combination that were indicated by the 
program ou tlined therein. '1'11 pre ent te t prac­
tically conclude the study of combinations with a rec­
taner lliar fuselage and continue the tudy of combina­
tion with a round fuse lage and a tapered wing. 
Fu ture repor t will cover further pha es o[ the wing­
fuselage in te rference inve tigation. 

MODELS AND TE TS 

The model employed fo r the combinations to ted 
hercin we re those u cd in rcference l ; they a rc the 
N. A. . \ .00 ]2 and the T . A. O. A. 44 ]2 rectangula r 
wings, the tHpered J: . A. C. A. 001 - 09 wing, the 
round- and l'ectano'ular-section fu elago , the 9-cylindel' 
radial l'ngine, and the engine cowling. Fillets were 
ca refully made li p of pIa tel' o[ pari as req uired. 

The te t were of connected com binations only, 2 
in all (see table Y and fig. to 11 ), and covered the 
effect o[ vertical di placement of the airfoil [rom the 
fu elage axi , !c/c (see l' ference 1), the oITect of fillets 
on various wing in com binc tion with the l'ectanerulal' 
f usclage, and the eO'eet o[ fillets 1111d of a cowl ed enerine 
on round-fu elage, tapered-wing combination for vari­
ou ver tical wing positions. The wings were et in 

combination at only one longitudinal location , d/c= O, 
and at zero incidenee, i w= O. (ee figs. 1 to 7.) 1 t 
should perhaps be mentioned here that the N. A. O. ri . 
4412 airfoil , because of i ts n gative angle of zero hft , 
might be considered a havin er been at a po i tive angle 
o[ in cidence, relative to the symmetri al airfoils . 

Th te t were run in the va ria ble-den ity \\"ind 
tunnel (reference 2) at a te t Reynold umber or 
approximately 3,100,000. In addi tion, values of maxi­
mum lif t were ob tained at it test Reynolds N um ber of 
approximately 1,400,000. The te ting pro edurc and 
te t preci ion, which are very m uch the same as for 
an airfoil, are fully de eribed in referenee 1. 1I1 e 
tbe tests of reference 1 were made, however, a l1H1 ll 
adli tional correction of Ie than - 1 percen t ha been 
applied to the m.eaSLlrement of the dynamic pres Ufe q 
as tandard pro edure to improve the precision of th e 
re ult . 

RE ULT 

The te t data are pre~ented in the ame manner a 
tho, e of reference 1, in which the methods of allH lysis 
and pre entation of the re ul t are fully di cussed . 

T able I and II pre ent the characteristic of the 
wing and fuselage models eparately (reference 1). 
T able III (con tinued from reference 1) presents the 
in terference of the 2 wing-ILl elage combina tions. 
T able I Y of reference 1 i not con Linued herrin n no 
additional te~ ts of disconnected combination were 
made. T able V (continued from reference 1) p re-
ent the aerodynamic characteri ti , combination 

de criptions, an d profi le diagram of the combination . 
In the pre ent repor t, however, new value o[ the 
efrecti ve R eynolds umber at C[ are buiv 11 as a .J max 

resul t of a new determination of the turbulenc facto r 
for the tunnel. The pre ent t urb ulence fn cto r for 
the variable-densi ty t unnel is ta ken as 2.64, wh ereas a 
value of 2.4 wa Ll 'ed in reference 1. The combina­
tion in this report can he compared, howeve r, with 
tho e in reference 1 on the basi of the te t Reynolds 
Number , which remain the mHe. 

Fi<Yllre 1 to 7 how the polar characteri tic o[ the 
in teresting combination investigated together wi th 
tho e of ome combination taken from reference 1 
for compari on. 

1 
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FIOURE 6 - Effect of fill ets on tapered-wing, round-fuselage combinations; 
k/c =O. 
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DISCUSSIO 

Combinations with rectangular-section fuselage.­
It was shown in reference 1 that the rectangular­
section fuselage had a higher minimum drag than the 
round-section fuselage and that its drag, moreover, 
increased much more rapidly with angle of attack 
(table II). It was also hOWD, however, that when in 
combination with a wing the rectangular fuselage 
produced only a slightly greater urn.g increase with 
angle of attack than did the round fuselage, 0 that 
in its case the drag interference was generally more 
favorable. (See tables II and III. ) 

Low-wing combinations with the rectangular fu elage 
had generally better wing-root junctures than corre­
sponding unfilleted combinations with the round fuse­
lage; there was less tendency to an early breakdown 
of the flow (see fig. 1), which is known as an "inter­
ference burble" (reference 1). Where an interference 
burble does occur for a combination with the round 
fuselage, substitution of the rectangular fu elage might 
result in a later-burbling combination having a drug 
almost as low as with the round fuselage and some­
times even lower (fig. 1). 

Similar low-wing combinations with ei ~her fuselage 
showed approximately the same maxim'lm lifts, but 
for midwing combinations with a rectangular 'wing 
the rectangular fuselage gave higher values. 

Figure 2 shows the effect of the wing vertical po ition 
for the rectangular . A. C. A. 0012 airfoil with the 
rectangular fuselage. As might be expected, there was 
little difference for combinations having the wing sec­
tion wholly within the fu elage (tables III and V). The 
connected low-wing combination that exposed the 
leading edge of the wing exhibited an early flow break­
down but, surprisingly, no higher minimum drag than 
the others. The disconnected combination, in which 
no portion of the wing was shielded by the fuselage, had 
both a higher drag and higher maximum lift . 

The rectangular fuselage had somewhat different 
interference when combined with differently shaped 
wings (table III). A previously shown in reference 1, 
the rectangular symmetrical N. A. C. A. 001 2, the 
tapered symmetrical N. A. C. A. 0018- 09, and the 
rectangular cambered N. A. C. A. 4412 wings were 
sensitive to the interference burble in the order named. 
This effect is very well demonstrated in figure 3, in 
which the thr0e wings, combined in the only vertical 
position investigated that showed large interference, 
are compared. (ee fig. 2.) 

Fillets on rectangular-fuselage combinations had only 
a very small efl'ect for the combinations investigated 
(tables III and V). Such a result was to be expected 
from the discussion in reference 1, which stated that 
fillets had only a small efl'ect on combinations that were 
already fairly satisfactory. 

Combinations with the round fuselage a and tapered 
wing.-Figures 4, 5, and 6 present the polar character­
istics of the tapered N. A. C. A. 0018- 09 wing combined 

with the round fuselage in various vertical .positions 
both with and without fillets. The low-willg, unfilleted 
combinations exhibited characteristic interference 
burbles occurring progressively earlier as the wing was 
moved downward. Fillets eliminated tills condition 
but the increa e in minimum drag, as the wing depart 
from the midwing position, that operated for the un­
filleted combinations, held for the filleted combinations 
(table V). In the midwing and high-wing positions, 
fillets had very little effect except where an early inter­
ference burble at negative lifts produced an increase in 
the minimum drag. For such a combination, fillets 
erved to reduce the minimum drag by eliminating 

the causative burble (fig. 4). Maximum lifts, as in 
most other combinations, were higher for the high­
wing than for the low-wing positions whether or not the 
wing junctions were filleted. 

The effect of a cowled engine at the nose of a tapered­
wing combination is compared in figure 7 with a similar 
combination with a rectangular symmetrical wing. In 
the low-lift range, before the interference burble for 
the rectangular wing occurred, the effect for both wing 
hapes was practically identical. The tendency of a 

cowling toward suppressing the interference burble was 
evidently effective, and the polar curves for both 
cowled-engine combinations are virtually the same. 

If the "speed-range index," the ratio of the maximum 
lift to a high-speed drag (see reference 1), be used as a 
criterion for comparing the combinations investigated 
in this report, the rectangular fuselage combined with 
the rectangular . A. C. A. 4412 airfoil in a connected 
high-wing position would appear surpri ingly good, 
inasmuch as it has one of the highest indexes of the 
combinations without high-lift devices investigated 
thu far. This combination does not have an excep­
tionally low drag coefficient, but the maximum lift 
coefficient is unusually high. If consideration be given, 
however, to the employment of various high-lift de­
vices, the relative merit of the combinations may be 
0hanged and the minimum drag coefficient be shown 
to have much greater weight. Other favorable com­
l inations in this report are the high-wing, rectangular­
fll ,elage, tapered-wing combination and the midwing 
anu semihigh-wing, round-fuselage, t apered-wing com­
bination with fillets. 

L ANGLEY 11EMORIAL AERO AUTICAL L ABORATORY, 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS, 

L ANGLEY FIELD, VA., March 12, 1936. 
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T ABLE I.-AIRFOIL CR R ACTE RI TIC 

Airfoil CL I CD I Cm e/4 Ct. I CD, I Cm e/4 Co I CD , I elfl e/, I 
0:=0 0 a=4° «= 12· 

Rectangular . A. C. A. 00IL . __ ___ _____ 0.000 

I 
0. 00 0 

I 
0. 000 0.307 

I 
0.0087 

I 
0.003 0. 920 

I 
0.0150 

I 
0.004 

Tapered -. A . C. A. 001 -09 __ ___ ___ ____ __ .000 .0093 . 000 .305 .0099 .006 .910 .0146 .013 

a= _4° a=Oo a= • 

Rectangular N. A. . A. 4412 _________ ____ 
-0. 006 1 0.0097 1-0. 089 0.29 I 0.0095 1-0. 07 0.899 I 0.0136 1-0. 084 

TABLE Il.-F ELAGE CHARACTER! TI C 

Fuselage Engine I CL I Co I 'c CL I Co I'c cL mp mp I Co I'cmp cL I Co I'c my cL I CD I 'c mp 

0:=00 a=4° a=8° a= 12° a = 16° 

Round ___ _______ None. ____ ___ 0.000 0.0041 0.000 0.001 0.0042 0. 016 0.005 0.0049 0.028 O:~~ 0.0062 0. 035 0.019 0.00 5 0. 038 Do __________ Uncowled ___ .000 . 01 9 .000 .001 .0191 . 015 .004 .O~ . 027 .0216 .037 .015 . 0244 .041 Do ________ __ Cowled _____ .000 . 0069 . 000 .008 .0073 .013 . 017 .00 .025 .028 .0115 .035 .040 .0165 .044 
Hectangular _____ None. ___ ____ .000 .0049 .000 .005 .0054 .009 .014 .0068 .015 .026 .0097 .018 .040 .0151 .015 

I Pitching-moment coetlicient about the Quarter-chord point of tbe fuselage. 

TABLE IlL- LIFT AND I NT ERFE RE CE, DRAG AN D I TERFE RENCE, A D PITCH! JG MOME NT A D 
I N TE RFERENCE OF F SELAGE I N WI G-FU ELAGE COMBI ATIO NS 

Combination t;C,. t;Co. 6C"' t:!4 t;CL t;Co, t;Cm " . t;Co dCD, 6Cm e14 

a=O° a=4° a= 12° 

210 ___ ______________ - 0. 009 0. 0043 0.003 0. 001 0. 0046 0.007 0.033 0. 0079 0.015 211. __ ___________ . 014 . 0045 .002 .026 .0045 .005 .058 .0087 .014 212 __ __ ______________ . 002 .0055 .005 .009 .0057 .007 .033 .0073 .011 213 _______ __ ___ ______ . 013 .0044 - .003 .027 . 0045 .002 .057 .0064 .004 214 ___ _______ -. 014 . 0045 -.002 .001 .0051 .002 -. 047 .0368 -.012 215 ____ ______________ - .002 .0055 -.005 .003 .0062 -.002 . OOg .0083 -.004 
216 _______ ___________ - . 009 .0042 -.002 .015 . 0043 . 005 .049 . 0058 .009 217 ____ ______________ -. 015 . 0045 .005 -.002 .0045 .009 . 036 .0073 .015 
21 ---. --- ----------- . 015 . 0045 -.005 .035 .0042 - . 001 . 068 . 0061 -.001 

a =-4° a=Oo a=8° 

219 ________ ---_.---- - 0.023 0.0037 -0.004 O:~~ 0. 0034 0 0.038 0.0057 0.010 220 __ ______ 
----. -.004 .0044 - . 004 .0036 0 .056 .0045 .009 

22L ____ - .019 .0048 -.010 -.002 .0044 -.005 .027 . 0053 .002 222 ____________ -. 025 .0050 - .012 -.010 .0045 -.006 .020 .0070 .002 223 __________________ -.027 .0049 -. 006 -. 006 .0043 -.002 . 035 .0054 .011 224 _____ _____________ -.006 .0039 -.005 .01S .0041 0 . 053 .0050 .009 

a=Oo a=4° a= 12° 

225 ____ -0.006 0.0032 0. 005 -0.001 0. 0035 0.008 0.021 0.0064 0.019 226 ________ .002 .0036 .004 .OOS .0038 .00 . 033 .0062 .015 
227 ____ .006 .0032 -.005 .024 . 0034 -.003 .044 .0055 .002 228 __________ .-- -.002 .0036 -. 004 .009 .0039 - . 002 : ~~~ . OOSI . 002 229 ______ .003 .0033 -.002 .022 . 0036 .004 . 0059 .011 
230 ____ .003 .0024 -.003 .023 . 0024 .003 .042 .0040 .012 
23L __ .022 .0031 0 .029 .0033 .002 .056 .004S . 010 
232.. __ .013 .0051 .007 .009 :&l;~ . 011 . 013 .0058 . 025 
233.. __ .046 .0043 0 .054 0 .077 .0070 .004 234.0 __ __ .022 .0031 0 .001 .0032 .005 . 024 .0044 .010 235 ____ ______ -. 013 .0051 -.007 -. 012 . 0077 -.004 -. 102 .04~~ -. 022 236 ____ ______________ - . 046 . 0043 0 - .031 .0041 . 001 -.017 . 0053 - .001 237 ______ __________ __ .002 .004 -. 003 .025 .0055 .004 .055 .Oll7 .017 
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TABLE V.- PRI NCIPAL AERODYNAMI C CHAR ACT ERISTIC OF WING-FUSELAGE COMBINAT IO NS 

D iagrams repre$enting 
combi nalions Hemarks 

Longi- Ver-
tudinal tical Wing 

posi- posi- setti ng 
Lion tion j~ 
d/e k/e 

Lift­
curve 
slope 

(per de­
gree) a 
A. R.= 

6. 6 

Span 
effi­

ciency 
factor 

Aerody­
namic­
center 

position 
no 

:~f;i~~t 'C Lmu 

at inter- effec­
ference tive 
burble R. N.= 
IC 18.2X1O ' 

Lib 

'GL 

eff;~_z 
tive 

R.N.= 
3.7x1O ' 

------ ----'------'-----------'---'-----'--------- - - ----------
Hectangular N. A. C. A. 0012 airfoil with rectangular fu selage 

--------,--,----------,-----,-----,--- ----------------------
Degrees 

Wing alone_ ________________ _____ __ ______ _ _______ 0.077 O. 5 0.0080 0. 00 0.010 0.000 A I. 5 • 1. 54 0 1. 39 

-----------1-- ----------------------------

210C ~ 210 _h hhh _______ ____ hn __ m 0.00 0.28 - - - - .080 .80 . 0123 .00 . 019 . 003 A 1. 3 • I. 33 b 1. 31 

1-- --------1-- ----------1---------~---------------
o 21 1 C ~ 211 nm __ n ____ n __________ nn 0 ----- . 34 .080 ' . 85 .0126 .07 . 021 .001 6A 1.4 • 1. 40 0 1. 32 

1----------1--1----------11-------~-----~---------------

212C -------. 
------~ 

212 rJ'hio connecti ng plate 
(samcascombination 149) _ 0 .54 .079 . 85 . 01 35 .04 . 016 .005 A I. 6 • 1. 64 0 1. 46 

----::=====--1----------------------
mC ~ 213 -.28 o .080 .85 .0123 .00 .021 -.003 A 1. 4 b 1. 41 ' 1. 39 --=---1-----------1-------------------~------------------------
214C ~ 214 __ 0.0. 0. ___ 0. ______ 0.0000____ 0 ------ -.34 . 080 ' .80 . 0126 -. 07 .018 -.001 B.6 • 1. 46 • 1. 33 

--=:======-----------------------
215C ~ 215 Same as combioation 212 __ _ 0 -.54 .078 ' .80 .0135 -. 04 .018 -.005 A 1.6 . 1.60 . 1.46 

'JOOOC---r------:::=======--1--------1---------------------_. 
21SC ~ ~ 216 Tapered fillets __ h_h_h _h _ .00 . 0 1 . 85 .0121 .00 .024 .000 A 1. 5 • 1. 52 • 1. 41 

- - --------1--1----------------------------------
217~ 217 _____ do _______ _______ ____ ___ _ .28 .081 ' . 80 . 0122 -. 03 .022 . 005 A 1.3 '1.30 0 1.33 

-------------------------------- - -----

218C '"5C? 
218 _____ do __ - .28 .082 . 85 .0122 . 03 .023 -.005 A 1. 4 0 1.46 • 1. 43 

1---- -------'---'------------'-- ----'------'---1-- --------- - - --------

Hcetangular ,'\. A. C. A. 4412 airfoil with rectangu lar fu selage 

--------,-----,--------,---,---,---1---------~ ------- ------

_____ \Vi ng alone __________________________________ __ _ _ .076 .90 .0094 .22 .006 -.089 A 1. 6 a 1. 64 a 1. 51 

------------ -----------~ ----- ---------------------
2 1 9~ 219 ____ ________________________ _ 0.26 o .080 ' . 85 .0128 .30 . 01 8 -.093 A 1. 7 • 1. 72 a 1. 62 

- --------- - --------------- - - ------------ ----
220 . 34 o . 080 ' . 90 . 0131 .31 .018 -.093 A I. 6 • 1. 68 • 1. 57 

22< ~ 
-~===--I----------~-----------------
221C ~ 221 noo_oo __ oo nooh_m ____ _ h_ -.30 0 . 080 ' . 5 .0139 .22 .021 -.098 AI. 6 • 1. 67 • 1. 57 

--,~--

----::::.:======--- -------------~ - --------- --- --- - ---
222C ~ 222 _______ ______ _____________ ___ 0 -.34 o . 080 ' . 85 .0142 .24 .022 -. 101 D 1. 2 b 1. 67 • 1. 57 ----- ------------1--------~-------------------
223C ~ ~ 223 Tapered fillets ___ n ___ oo_ n_ 0 . 00 o .081 ' .85 .0137 .29 .024 -.095 A 1. 6 b 1. 69 b 1. 57 

----------1--1----------1---------------- --- - --------------

.34 .080 ' . 90 .0133 .15 .01 -.093 A1.6 a 1.67 " 1. 60 224C ~ 224 Leaeling-edge fillets_oo ____ oo 0 _-=========-_LJ ____ ---L..-.---l._~ _____________ _ 

T a pered N. A. C. A . 001 -0009 airfoil wi th rectangular fu selage 

---------,---,---------,----;----;---1--- ------------------ - - - ---

,ring alone______________ ___ __ __ __ _ _______ _______ .077 .90 .0093 .00 .020 .000 A 1.4 · 1.4 0 1.23 

----:=;:;;;;;:;;;;::==--11-------1------------------------
225C-===-- ~ 225 ______ ___________________ __ __ 0 0. 22 .078 . 5 .0124 . 00 . 030 .005 A 1.6 .1.62 a1.34 

-------1-- -------1--------------------- -------- -
~ 226 1 ___ 00 _______ 000._____________ 0 226C==:= . 34 .078 . 5 . 0128 -.01 . 027 . 004 A 1. 4 a 1. 49 a 1. 34 

I Leiters refer La types of dra~ curves associated with the interference burble. See footnote I, p . 7. 
, Letters refer to conditi on at maximum liftas follows: " reasonably stead y a t CL mo, ; ', small Joss of lift beyond CL m,,: o. large loss of lift beyond eLmo. and uncertain 

value of CL max · 

, Poor agreement in bigb-speed range. 
, Poor agreemeu t over whole rauge. 
• Poor agreement in high-lift range. 
6 Rapid increase in drag preceding defin ite breakdown . 
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TABLE Y.- PRINCIPAL AERODYNA1\lI HAR}\ TEIUSTIC' OF WING-FUSELAGE U01\[ 13I ATIO T '- Uont.illued 

Diagrams representing 
combinations 

" .~ 

" E 
o 

c... 

Remarks 

Longi-
tudinal 

posi-
tion 
dlc 

Ver-
tical 
posi-
Lion 
klc 

Lift-
curve pan 

Wing slope elli- CD, setting (per de- ciency 
iw gree) (I 

A. R.= 
factor 

6.86 

Lift co-
2CL

tr,Clz Aerody- efficient 
, 

Ilm(lz 

namic- C at inter- e(fec- efTec-
mi .. CLop, conter '. 0 ference Live Live 

position burble R . N .= n . N.= 
no I 

"ill 
8.2, JO ' :u x JO ' 

-----'---'----'-----------------
Tapered N. A. C. A. 0018-0009 ai rfoil with rectangular fuselage- Oontin ued 

227~ 227 
, _. 22 1 Deuregs 

.0 0 '.90 .0124 .00 .027 -.005 " 1.5 (" 1. 51 fl 1. 27 

--========-----1---1----------1-- ---- - - ----- - - --
228C:~;§;;:,... __ ~_ 228 ________________________ _____ 0 -.34 o .Oi9 <.80 .0128 .01 .02:3 -.(>0-1 U.9 II. I. 2() R J. JO 

.00 . Oi9 .85 .0127 .(l0 . n:lO .000 A 1. 5 r J.5a "1.'21i 229~ ~ ~I 'Papered Ollels ____________ __ 

------'-----'-----'--- ----------
Tapered N. A. O. A. 0018-0009 airfoil with round fu selage 

232~~ 

Z33CS?> 
234~> 

-----;-----..,..--,..-- --------
230 Tapored Ollels______________ 0 0.00 o .080 '.8.5 .Ol li · (~) 

__ do _ .22 () .Oi!) '. H:; .0124 · (~I 

o . :1I () .OiH · 17 

2 ,.1 Tapered IIlIet'______________ (l . :14 () . ()7~ -.07 

------- ------
o - .22 • <ISO ' .90 .0124 .no 

----1--------- '-----------
235 ____________________ ________ _ -.:)4 o .Oili <.60 .0139 -.17 

.02(i .000 \ 1.5 r 1.52 II 1.27 

.02:) -. (XII \ 1. () (" 1. liS n I. ~7 

.()Oll \ I. 6 f'J.ti ) "1.:n 

. ()2i A 1.(; , I. 6r! Ii f. as 

.1)28 .1)(11 A J. 4 , I. 48 /I L 22 

.028 -. 006 ,B .3 ' 1. 28 • J. 09 

1----.::::::======---1--- ---------- ---- ---------- - -----------
236C4i3 --=:> 236 Tapered Ollels______________ 0 -.34 o .0 0 '.90 .0135 .07 .024 .003 A 1.5 (' 1. 5.l a 1.22 

----------/------------/-------------- ---

o 
Tapered Ollel and row led 

engi no. __ _____ __________ _ _ 237 .00 o 

I Letters refer to types of drag curves as ociated with tbe interference burble as follows: 

C,_ L2
',. c'-

~ 
Type A 

c..l ! / 
~ 

~ 
Type B 

~ 
Type C 

.00 . 0 .0142 .00 . 040 1-. 003 IH' 1.5 

2 Let.ters refer to condition at ma.'Ximl1m lift as follow's: n, reasonably steady at C"maz; b, ~ mflll JoSi' of IifL heyond C"".U/; c, hugo loss orlHt heyond CI'mu and IIl1C'ertain 
va lue of CJ.".u' 

3 I 001' agreement in high-speed range. 
~ Poor agreement O\l er whole range. 
, Poor agre~ment in high-lift range. 
, Rapid increase in drag preceding definile breakdown. 
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FIG URE B.-Combination 229, ~howing tapered filleLs. 

FW{lRE g.-Comhination 221, showing n leading-edg~ fillet in the shape of a 
windshield 

FIGURE 1O.-Comhination 23·1 (com bin"! ion 231 im'erted) showing tapered fil lets. 

FIGURE lL- Comhination 2~7 showing a rowled clll(ine and tapered fillets. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Designation Sym- to axis) 
bol symbol 

LongitudinaL __ X X LateraL _______ Y Y NormaL _______ Z Z 

Absolute coefficients of moment 
L ~1 Q-- C--

I-qbS m- qcS 
(rolling) (pitching) 

Designation 

Rolling ____ _ 
Pitching ____ 
yawing _____ 

N 
On= qbS 

(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 

axis) 

Y--.Z RoIL ____ 

'" 
1.1 P 

Z--.x Pitch ___ _ (J II q 
X--.y yaw _____ 

'" w r 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
pID, 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= ~D~ 
pn 

Torque, absolute coefficient OQ = ~D5 
pn 

P, 

0., 

7], 

n, 

Power, absolute coefficient Op= ~D5 
pn 

. 5/pV5 

Speed-power coefficient = -V Pn2 

Efficiency 
Revolutions per second, r.p.s. 

Effective helL.,. angle = tan-1 (2!n) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 ft-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. =0.4470 m.p.s. 
l m.p.s. = 2.2369 m.p.h 

1 lb. = 0.4536 kg. 
1 kg=2.2046 lb. 
100.=1,609.35 m=5,280 ft. 
1 m=3.2808 ft. 


